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ABSTRACT

Per- and Polyfluoroalkyl Substances in Consumable Fish & Surface Waters
Near Sites Using Aqueous Film-Forming Foams: Potential Risks, Suggested
Regulatory Standards and Policy Approaches for Massachusetts
TaChalla N. Gibeau
Per- and polyfluoroalkyl substances (PFAS) are emerging contaminants of concern with
potential for adverse effects on both human and environmental health. Hence, long-chain
PFAS compounds used in legacy aqueous film-forming foams (AFFFs) are being phased out,
resulting in the stockpiling of them at various commercial installations. PFAS contaminated
runoff from these facilities has the potential to contaminate nearby surface water bodies
and the fish inhabiting them. An analytical approach was used to identify surface water
bodies in Massachusetts that are habitats for fish susceptible to PFAS contamination and
where said fish are also popularly consumed by locals – thereby representing a preliminary
assessment of potential human health exposure and associated risks. The results show
several clusters of these installations across the state. Thus, there is a conceivable risk of
PFAS contamination to persons who regularly fish nearby and eat what they catch. As
Massachusetts does not currently have any standards or guidelines for PFAS in surface
water or fish tissue, the state would greatly benefit from researching the need for
regulatory criteria and implementing pertinent policies.
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Objective
This paper has an overarching goal of imparting regulatory and scientific recommendations
for per- and polyfluoroalkyl substances (PFAS) regarding common consumable fish in
surface waters in Massachusetts. These recommendations will be based on an analysis of
sites that have used or are potentially using film-forming firefighting foams nearby aquatic
habitats containing commonly consumed fish, while critiquing any currently existing
mitigation approaches. The first part informs the reader of any existing surface water
quality standards, as well as any current fish tissue monitoring and assessing procedures,
for PFAS in the state of Massachusetts. The second part indicates surface waters in
Massachusetts that are most likely to be at risk for high levels of PFAS contamination from
aqueous film-forming foams and where the likelihood of locals eating the fish caught in
those waters remains high. The final part presents recommendations for water quality
officials in Massachusetts on how they might engage in the monitoring and evaluation of
PFAS in surface waters and fish tissue in order to assess the existence and extent of the
problem and potential human health risks.

Introduction
Per- and polyfluoroalkyl substances (PFAS), which are unique anthropogenic chemicals,
have officially existed since Roy J. Plunkett inadvertently discovered them in the late 1930’s
(Plunkett 1941 and 1986, Teng 2012). He had his discovery patented as tetrafluoroethylene
1

(TFE) in February 1941, now also known as PTFE or Teflon (Plunkett 1941 and 1986, ITRC
HU 2017, ITRC AFFF 2018, Teng 2012). However, as early as the 1950’s, certain PFAS were
found to be harmful in mice and potentially lethal, in addition to possessing the ability to
bind to human serum albumin (Exhibit 1009 1950, Nordby and Luck 1956). Yet, only in the
past few decades has there been significantly more public awareness and concern about
their potential adverse environmental and human health effects. This paper begins with a
background review of PFAS, including what they are, how they are used, and why they are
important. An exploration of where PFAS contamination might be persistent in surface
waters and aquatic biota in Massachusetts, as well as any actions to monitor and/or assess
PFAS, will be followed by an analysis of these measures. Subsequently, there will be a
section with recommendations to improve regulatory, monitoring, and assessment
approaches regarding PFAS in aquatic biota in Massachusetts’ surface waters, before the
concluding remarks.

Background
Several sources describe per- and polyfluoroalkyl substances (PFAS) as a group of over
3,000 synthetic chemicals that have extremely strong carbon-fluorine bonds, where each
substance differs by various factors such as chain length, functional chemical groups and
structure (U.S. EPA 02.2019, ITRC EFT 2018, ITRC HU 2017, Wang et al. 2017). These unique
characteristics determine the physical and chemical properties of PFAS, such as acidity,
2

friction reduction, temperature resistance, lipid and water solubility, metabolism, stability,
surface activity, and other properties that are important to their transport and fate in the
natural environment, human health, and other living organisms (U.S. EPA 02.2019, ITRC
EFT 2018, ITRC HU 2017, Wang et al. 2017). The particular physicochemical properties of
PFAS have made them an important asset to multiple industries and institutions.
Manufacturing companies use them in producing food packaging (e.g. the thin film found
lining the interior of fast food containers) and household goods, including, but not limited
to, nonstick cookware (e.g. Teflon), cosmetics, stain-resistant and water-repellent textiles,
polishes, waxes, paints, cleaning products, paper products, and other oil and water
repellent products (U.S. EPA 02.2019, ITRC EFT 2018, ITRC HU 2017, Wang et al. 2017). They
are used in mining, construction, metals production, and processing facilities such as those
manufacturing chrome plating, wires, electronics, and oil production or recovery centers
(U.S. EPA 02.2019, ITRC EFT 2018, ITRC HU 2017, Wang et al. 2017). Airports, fire stations,
and military bases use PFAS-containing firefighting foams, also known as aqueous filmforming foams (AFFFs), in emergencies as well as in firefighting training and exercises ITRC
EFT 2018, ITRC HU 2017, Wang et al. 2017, ITRC AFFF 2018, MassDEP IGSA 2019).
Historically, the most frequently researched and used PFAS were those with long-chain
perfluoroalkyl acids, such as perfluorooctanoic acid (PFOA), perfluorooctanesulfonate
(PFOS), and their precursors (U.S. EPA 02.2019, ITRC EFT 2018, ITRC HU 2017, Wang et al.
2017, ITRC AFFF 2018, MassDEP IGSA 2019).
3

Figure 1. Chemical Structure of PFOA and PFOS

Perfluorooctanoic Acid (PFOA)

Perfluorooctane Sulfonic Acid (PFOS)

However, as time passes and more research is becoming available, multiple stakeholders
in the health, environment, other scientific communities, and even in the general public,
have become aware of the potential for toxic contamination and adverse health effects of
long-chain PFAS. The potential for PFAS bioaccumulation is known to be positively
correlated with an increase in chain-length, binding to proteins and accumulating in
protein-rich tissues, including the blood, liver, and kidneys (ITRC EFT 2018). In the U.S.
Environmental Protection Agency’s (EPA) 2019 PFAS Action Plan, they list both PFOA and
PFOS as, “two of the most widely studied PFAS, [that] have been detected in the blood
serum of up to 99% of samples collected between 1999 and 2012 in a population that is
representative for the U.S.” In the March 2018 PFAS fact sheet, created by the Interstate
Technology Regulatory Committee (ITRC), PFOA and PFOS are also mentioned as being
particularly “mobile, persistent, and bioaccumulative, and are not known to degrade in the
environment.” Hence, in media announcements and in common speech, PFAS are now
sometimes being introduced or referred to as “forever chemicals”.
4

Research studies on the effects of PFAS, particularly PFOA and PFOS, have shown that their
unique properties, though remarkable, have the potential for negative impacts on
laboratory animals, human health, biota and the overall natural environment (Teng 2012,
Exhibit 1009 1950, Nordby and Luck 1956, U.S. EPA 02.2019). Though not exhaustive, these
potential adverse reactions include thyroid effects related to developmental issues such as
an increased risk of low birth weight, delayed mammary gland growth and puberty in
females, and skeletal variations to fetuses and neonates; testicular and kidney cancers;
tissue damage in the liver; raised blood cholesterol levels; and negative effects on the
immune system, among others (U.S. EPA 02.2019, Wang et al. 2017, MassDEP IGSA 2019).
PFAS are now known to bioaccumulate in both animals and humans, and possibly even in
plants, and may remain in the human body between 4 to 8 years as they are not easily
excreted (U.S. EPA 02.2019, ITRC EFT 2018, MassDEP IGSA 2019, Martin et al. 2009). There
has been PFAS bioconcentration detected to varying extents in fish tissue. Depending on
the organ, it has been observed in adipose tissue, the blood, gallbladder, gastrointestinal
tract, gills, kidney, liver, muscle tissue, reproductive system, and skin (Martin et al. 2003
and 2009, Goeritz et al. 2013, Lanza et al. 2017, Exhibit 1208 1979, Salice et al. 2018).
In response to the growing public and regulatory concerns about adverse effects of longchain PFAS, manufacturers in the U.S. began voluntarily phasing out PFOA and PFOS in the
early 2000s (U.S. EPA 02.2019, ITRC EFT 2018, ITRC HU 2017, Wang et al. 2017). They
adapted to this change by replacing them with alternative perfluoroalkyl or polyfluorinated
5

substances that have shorter chains, such as “perfluoro-butane sulfonate (PFBS) in lieu of
PFOS [or] polyfluoroethers ([e.g.] GenX and ADONA used in the manufacture of
fluoropolymers), and other types of PFAS” (ITRC HU 2017). Short-chain PFAS are currently
considered to be safer than their longer-chained counterparts, with lower bioaccumulation
potential and levels of toxicity (ITRC AFFF 2018). However, these shorter-chained versions
and many other long-chain versions have not yet been widely tested and have very “little
to no information about their fate/transport, exposure, and toxicological effects in the
public domain” (Wang et al. 2017). In addition, there is also very limited awareness that
these other PFAS need to be studied, “although existing evidence suggests a need for
concern [and] only [a] few specific control measures are known to have been implemented
for PFAS other than PFOS, PFOA, and their precursors” (Wang et al. 2017).
Despite not knowing the exact methods of transport and exposure of all PFAS, it is known
to environmental scientists that PFAS may be found in air, biota, groundwater, sediment,
soil, and surface water (ITRC EFT 2018). Humans may be exposed to contamination as a
result of bioaccumulation through repeated direct or indirect contact with these various
forms of media. Some of these exposure pathways are by consumption of contaminated
food (meat including fish, plants, other living organisms, via PFAS lined food packaging) and
drinking water (public and private sources), use of commercial household products and
inhalation and/or ingestion of indoor dust, working with or around PFAS in places of
employment (chemical manufacturing plants, certain textile industries, production of
6

electronics, etc.), and many other exposure routes (U.S. EPA 02.2019, ITRC EFT 2018,
MassDEP IGSA 2019). The MassDEP (Massachusetts Department of Environmental
Protection) noted that despite the numerous pathways for exposure,
The most common and significant environmental exposure at disposal sites is
through the consumption of drinking water from contaminated public or
private water supplies. These chemicals have been found in a number of
drinking water systems due to localized contamination from nearby
manufacturing facilities that used PFAS or areas where the chemicals were used
in firefighting foams. However, some PFAS are capable of traveling long
distances through air and groundwater and may be found far from the locations
where they were initially released into the environment (MassDEP IGSA 2019).
This statement is also supported by the EPA in their 2019 PFAS Action Plan, stating, “The
majority of research on the potential human health risks of PFAS are associated with oral
(ingestion) exposure” (U.S. EPA 02.2019).
As there is extensive research and data on the ingestion of drinking water as an exposure
pathway in the state of Massachusetts, this paper will instead focus on the ingestion of
potentially contaminated consumable aquatic biota, namely fish, in Massachusetts surface
waters as a pathway for exposure, contamination, and bioaccumulation. Some research on
the fate and transportation of PFAS in surface waters and aquatic biota has already been
conducted in other states and countries. These studies have given the scientific community
the knowledge that predatory animals (including but not limited to birds, eel, humans,
mink, polar bears, and snapping turtles) have the potential to contain higher levels of PFAS
concentrations than the fish they consumed (ITRC EFT 2018, Martin et al. 2003 and 2009,
7

Goeritz et al. 2013, Lanza et al. 2017, Exhibit 1208 1979, Salice et al. 2018). Of concern for
this particular paper, however, is solely that of human exposure to PFAS through ingestion
of commonly consumed fish, not other species. According to Goeritz et al., “Fish, fisheries
products, and seafood are considered to be an important source of human exposure to
PFAS, as shown for [PFOS] and [PFOA].” The article goes on to cite a 2006 study by
Falandysz et al. that demonstrated a positive correlation between high fish consumption
and increased human internal exposure (Goeritz et al. 2013). Despite studies showing this
relationship between PFAS contaminated fish consumption and potential human
bioconcentration, there is very little publicly available data on the location of potentially
PFAS-contaminated surface water bodies that contain popularly fished and consumed
aquatic biota in Massachusetts.

Aqueous Film-Forming Foams (AFFFs)
The Interstate Technology Regulatory Council lists various sources of PFAS contamination
to surface waters, with four major contributors in particular being: “fire training/fire
response sites, industrial sites, landfills, and wastewater treatment plants/biosolids” (ITRC
EFT 2018). The focus of this paper is solely on per- and polyfluoroalkyl substances (PFAS)
and consumable fish in surface water bodies affected by sites using aqueous film-forming
foams (AFFFs), thus only sites that conduct fire training, response and exercises will be
discussed. The other major contributors are outside the scope of this paper. As it is
8

impossible to gauge every single source of PFAS-containing firefighting foams in
Massachusetts, only three widespread major sources that are commonly known to
regularly use them will be covered: airports, fire stations, and military bases. Other
organizational or institutional sources may or may not be contributors at a significant level,
depending on the frequency and volume of use. That subject matter is a potential topic for
additional future research.
Aqueous film-forming foams are synthetic chemical surfactant solutions created using PFAS
due to their defining properties, notably those pertaining to surface activity (ITRC EFT 2018,
ITRC AFFF 2018). Though the exact structure of each AFFF is unique unto itself, most are
made by combining hydrocarbon foaming agents with fluorinated surfactants (ITRC EFT
2018, ITRC AFFF 2018). An aqueous film is formed when the foam combination is mixed
with water, hence giving it its name (ITRC EFT 2018, ITRC AFFF 2018). These particular
characteristics of an AFFF allow it to be extremely effective against hydrocarbon fires,
highly-hazardous flammable liquid and gas fires, predominantly those that are petroleum
or fuel-based fires (ITRC EFT 2018, ITRC AFFF 2018). Despite these laudable attributes,
research on PFAS in aqueous film-forming foams has shown increased levels of these
chemicals in both those that work with them and in media and aquatic biota downstream
of sites using these products (Salice et al. 2018, Dobraca et al. 2015, Jin et al. 2011). The
2018 Toxicological Profile for Perfluoroalkyls: Draft for Public Comment includes a table
summarizing PFAS compounds that were detected in various media samples, including
9

surface water (SW), obtained from 40 different sites at 10 domestic United States military
installations. Within this table is a list of maximum detected concentrations in SW for
several types of PFAS, including PFHpA, PFHxS, PFNA, PFOA and PFOS, with concentrations
for these five PFAS ranging from 10 µg/L (PFNA) to 8,970 µg/L (PFOS) (U.S. CDC TP DFPC
2018). In a 2016 study on biomonitoring of PFAS in firefighters by Dobraca et al., it was
observed that “perfluorodecanoic acid concentrations were three times higher in this
firefighter group than in NHANES [National Health and Nutrition Examination Survey] adult
males” (Dobraca et al. 2015). Another study by Lanza et al., published in 2017, found that
concentrations of PFOS in fish were significantly increased downstream of former fire
training areas at the Barksdale AFB in Louisiana, with the concentration amounts peaking
in early summer (Lanza et al. 2017). The study mentions that it, “supports the surrounding
literature in that PFOS concentrations may pose a potential exposure risk to fishermen”
(Lanza et al. 2017).

Existing Policy for PFAS in Surface Waters and Aquatic Biota
Research has demonstrated that there is a potential for bioaccumulation of certain perand polyfluoroalkyl substances in various species and that the direct or indirect ingestion
of these PFAS has been positively associated with increased adverse reactions and negative
side effects on both human and environmental health. In addition, studies have also shown
that there is an increased likelihood that humans who work in, around, or near sites that
10

regularly use PFAS containing aqueous film-forming firefighting foams, as well as aquatic
biota living in habitats downstream from those sites, are at greater risk for exposure,
heightened tissue concentrations of PFAS, and internal contamination. Given this
information, it is important to ensure that there are legislative measures, policies, and
procedures in place to protect Massachusetts residents and aquatic biota from potential
PFAS contamination due to AFFFs. This current section will inform the reader of any existing
surface water quality standards and any current fish tissue monitoring and assessing
procedures for PFAS in the state of Massachusetts.
Based on the federal guidelines put in place by the U.S. Environmental Protection Agency
(EPA), the Massachusetts Department of Environmental Protection (MassDEP) Office of
Research and Standards (ORS) established a guideline in June 2018 for PFAS in drinking
water (MassDEP TSD 2019). The MassDEP ORS, however, went further than the EPA’s 2016
Lifetime Health Advisory (LHA) of 70 parts per trillion (ppt) (or 0.07 μg/L, ppb) for the
combined total of only two PFAS (PFOS and PFOA) in drinking water. The MassDEP
guidelines also included PFHpA, PFHxS, and PFNA for a total of five PFAS chemicals that
must have an individual or combined concentration less than 70 ppt in drinking water in
order to be in compliance. These additional PFAS compounds were included because they
have similar chemical structures, along with supporting data, that indicate their likelihood
of displaying comparable toxic effects (MassDEP TSD 2019). More recently, MassDEP’s
Office of Research and Standards has taken into consideration newer research, along with
11

standards and guidelines implemented by other states, that indicate lower concentrations
may be more protective regarding human health. Hence, in January 2020, MassDEP’s Office
of Research and Standards Guidelines was updated to include a sixth compound, PFDA
(perfluorodecanoic acid), along with a lowered individual or combined concentration of 20
ppt for these 6 PFAS compounds contaminating drinking water (MassDEP ORSG 2020).
However, these maximum concentration values are currently only guidelines for drinking
water and do not include regulatory or legally enforceable standards for surface water.
The 1990 Massachusetts Water Quality Standards (MWQS) Implementation Policy for the
Control of Toxic Pollutants in Surface Waters states that it applies to all toxic pollutants and
considers toxic pollutants to be “broadly defined as any substance or combination of
substances that are capable of producing an adverse effect to an organism or its offspring.
The effect may be the result of direct or indirect exposure and may injure structure, or
function, or cause death to the organism (U.S. EPA 1990). This implementation policy is
currently three decades old and does not contain any reference to the toxicity of PFAS in
any system: human, aquatic, or otherwise. It does reference, however, the applicability of
this policy for the toxic pollutants listed in the Code of Massachusetts Regulations 314 CMR
3.00 and that the pollutants are not limited to this list (U.S. EPA 1990, MassEOEEA 2017).
The 1990 MWQS Implementation Policy also goes on to name the EPA’s 1986 Gold Book Quality Criteria for Water as well as Section 307(a) of the Federal Clean Water Act as
corresponding to the toxic chemicals found in 314 CMR 3.00 (U.S. EPA 1990, MassEOEEA
12

2017, U.S. EPA 1986). PFAS are not included in any of these lists of toxic pollutants, nor on
the Federal Toxic Pollutant List or the Federal Priority Pollutant List which appear in the
Code of Federal Regulations (40 CFR 401.15 and 40 CFR Part 423, Appendix A, respectively).
The EPA itself mentions on its webpage Toxic and Priority Pollutants Under Clean Water
Act, last updated April 2019, that “portions of both [40 CFR] lists are outdated” (U.S. EPA
04.2019). The Toxic Pollutants Section (e) under the Additional Minimum Criteria
Applicable to All Surface Waters [4.05: (5)] within the 314 CMR 4.00 (Division of Water
Pollution Control) states that “All surface waters shall be free from pollutants in
concentrations or combinations that are toxic to humans, aquatic life or wildlife”
(MassEOEEA 2013). This Code of Massachusetts Regulations does not mention PFAS either,
but advises using the EPA’s 2002 National Recommended Water Quality Criteria (NRWQC)
for pollutants not otherwise listed in 314 CMR 4.00 (MassEOEEA 2013). This 2002 NRWQC
does not address PFAS at all and suggests finding additional toxic pollutant criteria using
the Federal Integrated Risk Information System, which also does not list PFAS pollutant
criteria (U.S. EPA 2002).
The only readily publicly available document found that comes close to including specific
guidelines for PFAS in surface water bodies is the December 2019 Final PFAS-Related
Amendments to the Massachusetts Contingency Plan 310 CMR 40.0000, which was last
previously updated in May 2014 by the Massachusetts Department of Environmental
Protection (MassEOEEA 2014, MassEOEEA 2019). These PFAS-related amendments include
13

reportable concentrations and cleanup standards for soil and groundwater that were
added to the waste site cleanup regulations for sites contaminated with PFAS (MassEOEEA
2014, MassEOEEA 2019). The standards are for groundwater (GW) types 1 through 3, which
are respectively, in brief, waste site potential discharge to GW near drinking water,
discharge to GW near occupied structures, and otherwise any GW discharge with the
potential to reach a surface water body (MassDEP RCE 2007, MassEOEEA 2014). GW-3 is
what is relevant to this paper in that, according to 310 CMR 40.0932: Identification of
Applicable Groundwater Categories, “Groundwater at all disposal sites shall be considered
a potential source of discharge to surface water and shall be categorized, at a minimum, as
category GW-3” (MassDEP RCE 2007, MassEOEEA 2014). The MCP Method 1 table for
groundwater standards in 310 CMR 40.0974(2), the PFAS-related amendments, lists
concentration limits between 500 and 40,000 μg/L (or ppb) for six different PFAS in GW-3
(Table 2 in Appendix B) (MassEOEEA 2019). However, these concentration limits only take
into consideration the effluent discharged to a GW-3 category and do not account for all
sources of runoff or discharge to surface water. Depending on site-specific conditions, PFAS
concentration levels in a particular surface water body have the potential to be much
higher than groundwater concentrations measured from the effluent of a single source,
especially if aqueous film-forming firefighting foams were used at multiple nearby
locations. This uncertainty surrounding PFAS concentrations in SW as a reflection of PFAS
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concentrations in single-source GW further demonstrates the need for runoff patterns to
be closely monitored.
Despite the aforementioned standards and guidelines, at the moment of writing this paper,
no readily publicly available documented standards specifically for PFAS in any type of
surface water or aquatic biota were located for the state of Massachusetts. Regarding
public awareness policies, the U.S. Environmental Protection Agency’s National Listing of
Fish Advisories only listed water bodies with fish contaminated with DDT and mercury in
their Do-Not-Consume database (U.S. EPA 2020). Again, the state of Massachusetts went
further than the EPA in their contaminant listings for fish consumption. In addition to DDT
and mercury, the Mass Department of Public Health (MDPH), Bureau of Environmental
Health also lists surface water bodies containing fish contaminated with chlordane, dioxin,
lead, PAHs, PCBs, and various unspecified pesticides (MassDPH-BEH 2019 and 2020). The
PCB advisory for the Housatonic River area also includes refraining from eating frogs,
turtles and waterfowl in addition to fish (MassDPH-BEH 2020). Nevertheless, there is no
mention of any consumption advisories specifically for fish contaminated with per- or
polyfluoroalkyl substances. There is a general advisory from the MDPH that children under
12 years old and pregnant and nursing women should not consume any freshwater fish in
Massachusetts unless they are stocked fish (MassDPH-BEH 2020). Aside from that general
advisory, there are no recommendations regarding PFAS or even any mention that PFAS in
fish tissue could be a potential health hazard. This lack of public awareness could pose a
15

problem to human health, as PFAS have been demonstrated to bioaccumulate and may
cause health complications in a wider population than simply those who are advised by
previous general fish consumption advisories. Even if there were to be any consumption
advisories regarding PFAS in Massachusetts surface waters and/or fish tissue, there is also
the possibility that they will be ignored by locals who may have been eating all types of fish
from nearby water bodies for the duration of their lives and refuse to heed any warnings.

Monitoring and Assessment Procedures for PFAS Sampling in Fish
Tissue
Given the unique properties that make per- and polyfluoroalkyl substances popular in
consumer products, extra precaution needs to be taken when sampling for the presence of
PFAS to avoid inadvertently contaminating the samples. These toxic substances may be
found in multiple items such as containers, measuring devices, personal protective
equipment, tubing, etc., that are typically used in standardized sampling for contaminants
of concern other than PFAS. In January 2020, the Massachusetts Department of
Environmental Protection released a Field Sampling Guide for PFAS Using EPA Method 533,
537 or 537.1 (MassDEP FSG 2020). This sampling guide covers methods and procedures for
collecting samples when monitoring and assessing drinking water systems for the presence
of PFAS. Adopting these field-testing protocols to detect PFAS contamination in drinking
water should also be generally applicable and effective in sampling surface water for the
presence and extent of PFAS. Otherwise, in the state of Massachusetts, standardized
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guidelines on methods and procedures for sampling fish tissue in order to detect the
presence of PFAS are either completely lacking or not easily or readily accessible by the
general public.

Surface Waters at Risk for PFAS Contamination
Preceding sections of this paper considered the negative impacts of aqueous film-forming
firefighting foams on human health and the natural environment. Particular attention was
paid to any existing standards for maximum PFAS concentrations in surface waters in
Massachusetts and guidelines for addressing PFAS contamination in tissue of fish inhabiting
those surface waters. Unfortunately, no guidelines for PFAS concentrations specifically in
surface water or consumable fish tissue were identified for Massachusetts, nor were there
any methods or procedures for collecting consumable fish tissue samples. However,
standards and guidelines are not created unless there is an explicit need for them. This
section will highlight the surface waters in Massachusetts that are most likely to be at risk
for high levels of PFAS contamination from aqueous film-forming foams (AFFFs) and where
the likelihood of locals eating the fish caught in those waters remains high. This analysis
will help determine if there is an actual need to implement an action plan for addressing
PFAS contamination in consumable fish tissue and surface water bodies in the state of
Massachusetts.
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An analytical approach was used to identify surface water bodies in Massachusetts that
are habitats for fish susceptible to an increased likelihood of per- and polyfluoroalkyl
substance contamination and where said fish are also popularly consumed by locals. In
order to determine those fish and their habitats, a first step would be mapping popular
fishing sites within proximity to potential PFAS contamination sites. Hence, a map of the
state was created using ArcGIS Pro, superimposing data layers generated by MassGIS,
MassWildlife, and the U.S. DoD. These data include areas in Massachusetts that contain
institutions historically known for their common use and/or storage of AFFF along with
areas known to be popular fishing sites. Fishing sites within 5 miles of an airport, fire station
and/or a military base were identified and marked as such on the maps (see Maps 1-4,
Appendix C). Clusters of fishing sites near areas of potential PFAS contamination were
identified on Cape Cod as well as in other locations in both Eastern and Western
Massachusetts (ArcGIS 1995-2019, MassGIS 01.2019 and 05.2019, MassWildlife s.d., U.S.
DoD 2017). For the sake of better map legibility, three more maps were subsequently
created by dividing Massachusetts into three parts, with each map zooming in on one of
those three identified regions (see Maps 2-4, Appendix C).
The results of mapping popular fishing sites based on their proximity to areas with potential
historical use of aqueous film-forming firefighting foams show that the surface water
bodies in Massachusetts that are more likely to have commonly consumed fish that are
contaminated with PFAS, are mostly found in the southeastern part of the state, on Cape
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Cod and in Plymouth and Bristol Counties (ArcGIS 1995-2019, MassGIS 01.2019 and
05.2019, MassWildlife s.d., U.S. DoD 2017). There are also a couple sites up in Essex County
in the northeast, as well as a few small clusters of popular fishing sites with potentially PFAS
contaminated fish in central Massachusetts near the borders of Franklin, Hampshire and
Worcester Counties and in the Western Massachusetts Hampden County near the
Chicopee, Holyoke, Springfield and Westfield areas (ArcGIS 1995-2019, MassGIS 01.2019
and 05.2019, MassWildlife s.d., U.S. DoD 2017). There are 17 known fishing sites recorded
to contain consumable fish that are within 5 miles of a military installation (see Table 4,
Appendix B); 30 additional fishing sites within 5 miles of a military installation and another
17 fishing sites within 5 miles of a military installation’s boundaries where neither have any
documentation of fish species; 11 fishing sites within one mile of an airport that also have
a fire station within a five-mile radius; and 19 fishing sites within one mile of a fire station
that also have an airport within a five-mile radius (ArcGIS 1995-2019, MassGIS 01.2019 and
05.2019, MassWildlife s.d., U.S. DoD 2017).
Though the potential for locals eating fish contaminated with PFAS remains higher in these
mapped locations based on proximity to sites historically using aqueous film-forming
firefighting foams, there are numerous complex factors that contribute to the consumption
of enough PFAS compounds to pose a serious risk to human health. Two major inhibiting
factors in determining potential PFAS contamination in human health through locally
caught fish consumption is not knowing what the PFAS concentrations are in these surface
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waters and not knowing how many of these fish are actually even caught and eaten versus
being thrown back, kept as a trophy, or otherwise discarded. In addition to that, the fish
that are caught and eaten need to be classified as being either annually stocked or wild,
which will have a bearing on the bioaccumulation of PFAS within the fish tissue. The size of
the fish will also need to be factored into the analysis, as size will help determine how long
the fish has been alive for PFAS to bioaccumulate. Just because the consumed fish are an
annually stocked fish type, does not mean that every fish that was caught and eaten was
captured in the same year that it was released into the waterbody through local fish
restocking programs. Another important component to take into consideration is the
topographical location of these potentially PFAS contaminated sites, posing the question
of whether they are upstream or downstream of popular fishing sites or even both. The
research for this paper did not include any topographical or hydrological investigation of
the areas containing the popular fishing sites within close proximity to the identified sites
potentially using AFFFs. It would be a gain to reason that not all popular fishing sites within
close proximity to installations using and/or stocking aqueous film-forming firefighting
foams will be at risk themselves for PFAS contamination; this being solely based on their
topographical formations and hydrological flows in reference to said installation.
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Recent Actions Regarding AFFFs and PFAS
The state of Massachusetts has already taken steps to address PFAS contamination in
drinking water, proposing and setting standards and guidelines well below the federal
limits established by the U.S. Environmental Protection Agency. Though not directly related
to PFAS in fish tissue or surface water, the state filed House and Senate Acts, in January
and May 2019 respectively, “relative to the reduction of certain toxic chemicals in
firefighter personal protective equipment [PPE]” and “establishing an interagency PFAS
task force” (MassHouse 01.2019, 05.2019, 12.2019; MassSenate 01.2019, 05.2019). They
also passed Senate Bill 2386, making sure to include appropriations to fund these new Acts
(MassSenate 10.2019). Though the manufacturing of AFFFs containing long-chain PFAS,
also known as legacy foams, has been discontinued in the U.S.A. since 2002, many airports,
fire stations, military bases, and other installations using flame retardants and AFFFs have
them stockpiled and are still using them (MassDEP IGSA 2019, MassDEP LFFF 2019). With
the aim to address this stockpiling issue, the Massachusetts Department of Fire Services
collaborated with the Massachusetts Department of Environmental Protection to
implement a program facilitating aqueous film-forming firefighting foam stockpile removal,
proper disposal, and to encourage the discontinuation of their usage altogether (ITRC AFFF
2018, MassDEP IGSA 2019, MassDEP LFFF 2019). A program summary written in February
2019 by a representative of MassDEP claims that this “take-back” program had, up to that
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point in time, “identified, removed, and destroyed” about 150K pounds (or approximately
17.5K gallons) of these particular legacy foams (MassDEP LFFF 2019). Though the program
had only been implemented a year at the time of publishing, the “take-back” program
summary records about 100 fire stations out of over 780 in Massachusetts that responded
to the request for feedback on their volumes of AFFF stockpiles (MassGIS 01.2019,
MassDEP LFFF 2019). In January 2016, the Office of the Assistant Secretary of Defense for
Energy, Installations, and Environment [ASD (EI&E)] issued a policy requiring military
departments to incorporate “service-specific risk management procedures to prevent
uncontrolled land-based [AFFF] releases during maintenance, testing, and training
activities” and to “remove and properly dispose of PFOS-based AFFF from the local supplies
for non-shipboard use where practical” (U.S. OASDS 2018). As there are several military
installations in Massachusetts, this policy would also apply to many areas within the state.
The Acts that were filed pertaining to PFAS in firefighter PPE and the interagency PFAS task
force, the AFFF take-back program, along with the ASD (EI&E) military action policy will all
help in reducing PFAS contamination, especially due to aqueous film-forming firefighting
foams. However, the actions were only just very recently implemented and do not take
into consideration the contamination of surface waters (or soils and groundwater that lead
to surface water) that may have already taken place beforehand. The timeframe between
the implementation of these measures and the discontinuation of the production of AFFFs
manufactured before 2003 is well over a decade.
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Recommendations for Water Quality Officials
Not only is there a lack of policy addressing potential PFAS contamination of consumable
fish in Massachusetts surface waters, there are discernable gaps in information required to
formulate regulatory, monitoring, and assessment approaches to determine if there is even
a need for applicable policies. Though research on PFAS contamination in fish tissue and in
surface waters does remain minimal, there are still some proposed and/or implemented
procedures by a few factions of various backgrounds that may prove helpful in the case for
Massachusetts. Water quality scientists, aquatic biologists, toxicologists and any other
officials pertinent to the environmental and human health of Massachusetts would greatly
benefit from utilizing these available resources to support the formation of an action plan
that is specifically individualized to the environmental conditions unique to the state. Some
of the more comprehensive guides and publications regarding PFAS and/or AFFFs in fish
tissue and surface waters were produced by the states of Michigan, New Hampshire and
Vermont; the Interstate Technology Regulatory Council (ITRC); and the Department of
Defense Strategic Environmental Research and Development Program (DoD SERDP) (GLRI
2015, EGLE 2017, NH DES 2019, VT DEC 2019, ITRC SCC 2018, ITRC RTM 2018, U.S. DoD
2020).
A valuable first step would be to create and fund a task force that would focus solely on
per- and polyfluoroalkyl substance pollution in surface waters and another task force,
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either jointly or separately from the first one, that targets PFAS contamination and
bioaccumulation in consumable fish tissue. The next step should then be for the task
force(s) to formulate a plan or plans of action on how to develop and establish surface
water and fish tissue standards. The plan should subsequently be made available to the
public for a period of review and commentary. Included in this plan should be the
methodical collection of any current research on the correlation between surface water
and fish tissue concentrations, what concentrations of PFAS in surface water will negatively
impact fish and uncover the underlying dynamics that promote bioaccumulation of PFAS in
both consumable fish tissue and in the human body. The size, age, species, and restocking
pattern (if any) of the fish need to be taken into consideration when determining
bioaccumulation factors of PFAS within any consumable fish type. The amount of PFAS
bioaccumulation in a caught fish, as well as its purpose for being caught (catch-and-release
sport, supplemental consumption, primary food source, etc.), and the frequency with
which a potentially contaminated fish is consumed are all factors that will affect how much
has accumulated within the tissues of a human consumer. The State of New Hampshire
Plan to Generate PFAS Surface Water Quality Standards contains two very useful equations,
one for fish tissue consumption limits that does not require direct measurement of PFAS
concentrations in surface water and another one for fish tissue concentration criteria (see
Appendix B) (NH DES 2019). “The Cm [measured concentration] is a real-world value that
measures what fish consumers are exposed to from a specific waterbody” (NH DES 2019).
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Meanwhile, the state of Vermont is proposing to “work with other New England states to
create [a] scientific record that will underpin a surface water standard,” enabling quicker
action through collaboration than each state would be able to accomplish alone (VT DEC
2019).
Once the maximum concentration limits that determine human toxicity levels in
consumable fish tissue have been defined, available relevant sampling methods and
procedures should be assessed, keeping only those having constructive solutions pertinent
to the particular environmental conditions in Massachusetts. Based on the specific needs
within the state and any site-specific conditions, those steps should be incorporated with
any innovative ideas unique to Massachusetts. Other constructs that ultimately support
addressing fish tissue and surface water sampling for PFAS concentration analysis should
also be considered and included. After protocols have been established for sampling,
monitoring and assessing surface waters and the fish inhabiting them, they should be
strictly implemented in areas most susceptible to PFAS contamination in order to gauge
substantial hazard. However, before sampling begins, it would be necessary to identify
which airport, fire station and military installations are currently using and/or storing
AFFFs, have used and/or stored them in the past, and/or are stockpiling them with the
intention of using them in the future. Furthermore, any additional sources of commercial
PFAS use, aside from those aforementioned, will need to be identified. The sampling,
monitoring and assessment process should start with known popular fishing sites that are
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within close proximity to installations having frequent historical use of aqueous filmforming firefighting foams, particularly those containing frequently caught and consumed
fish. Taking into consideration that Maps 1-4 still need an analysis of topographical
formations and hydrological flows, they do give a basic idea of where in Massachusetts to
start such analyses in order to determine appropriate sites at which to begin the sampling
process. Again, Michigan, New Hampshire, Vermont, the ITRC, and the SERDP all have
major advancements in designing methods and procedures for sampling, monitoring, and
assessing PFAS in surface water and/or fish tissue (GLRI 2015, EGLE 2017, NH DES 2019, VT
DEC 2019, ITRC SCC 2018, ITRC RTM 2018, U.S. DoD 2020). It would largely benefit
environmental scientists in Massachusetts to study these designs, improve on them, and
implement them in order to protect both aquatic biota and human health and safety.

Recommendations for Policy Makers
If it has been determined by environmental scientists that the consumable fish inhabiting
the Massachusetts surface waters that are within close proximity to sites with historical
use of AFFFs are found to have toxic amounts of PFAS concentrations, policy makers will
need to step in and address the issue of unacceptable PFAS contamination. First and
foremost, the continued spread of long-chain per- and polyfluoroalkyl substances through
the use and storage of legacy aqueous film-forming firefighter foams would have to cease
immediately. In order to prevent their use and storage, an appropriate measure would be
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to mandate the proper removal and disposal of all remaining legacy AFFFs. The
Massachusetts legacy AFFF take-back program that was implemented in 2018 is strictly
voluntary and geared solely toward fire stations. Though the initiative is quite
commendable, the resulting response and removal of these chemicals has been
inadequate. Mandating and funding the proper removal and disposal of all remaining
legacy AFFFs from every airport, fire station, and military installation in addition to all other
lesser holders will ensure fairness and equality within the policy. However, in order to gain
support for the policy with minimal push-back from various stakeholders, there needs to
be a low-cost replacement product that is equally effective, if not more so, while being
remarkably less harmful to the environment and human health. The numbers of newer and
shorter-chain PFAS chemicals are multiplying in response to recent studies supporting the
phasing out of first generation PFAS. Unfortunately, sometimes these newer substances
break-down into their more harmful counterparts. Not enough research has been done to
support prohibiting the production and marketing of shorter-chain PFAS chemicals. Hence,
finding a replacement that is safe, reasonably low-cost, and proven effective is a major
challenge that policy makers would need to overcome.
The discovery of PFAS pollution in surface waters and toxic concentration levels of PFAS in
consumable fish tissue would have no small impact on those who are most affected by
locally caught fish consumption. There are many guidelines, including one by the
Massachusetts Department of Public Health Bureau of Environmental Health, that are
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available for educating the general public on the hazards of eating fish from a polluted
water source (MassDPH-BEH 2017). However, most of these guidelines, including the one
from Massachusetts, only cover surface water bodies and fish contaminated with mercury
and PCBs (MassDPH-BEH 2017). Though avoiding the consumption of fish from surface
waters contaminated with mercury and PCBs and being the subject of a do-not-eat warning
may also sometimes be protective against PFAS toxicity, this is not always the case. Some
popular fishing sites near installations using AFFFs may not be polluted with other
contaminants. Therefore, a do-not-eat fish warning will not be placed at the site, resulting
in the absence of any possible protective measure. If it has been determined that action
needs to be taken to clean up PFAS contamination in Massachusetts surface waters, the
public will then need to be educated on any substantial hazard that may be presented when
consuming fish from those polluted sites. Simply updating the current fish consumption
guidelines to include PFAS chemicals is theoretically one possible solution. However, PFAS
are emerging contaminants of concern, so the general public is not as familiar with these
newer chemicals as they are with mercury and PCBs. They may need a more informative
approach before moving towards prohibition warnings that lump PFAS chemicals in with
these more widely known substances from very different chemical classes. Hence, another
awareness measure would then be to create a whole new Massachusetts specific PFAS
brochure that highlights the dangers of PFAS contamination through fish consumption as a
result of ignoring the pollution warning signs. It would also be extremely advantageous for
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MassWildlife to update their database on freshwater fishing sites and any do-not-eat
advisories. The state of Michigan has an exemplary interactive web page on safe fish
consumption that could serve as a model for a similar web page particular to the unique
characteristics of Massachusetts surface waters and consumption habits of locally caught
fish (MDHHS 2020). Unfortunately, those who engage in subsistence fishing for
consumption, such as various ethnic groups, indigenous populations and/or those of lower
socio-economic status, will be most affected by any prohibition measures pertaining to
contaminated fish consumption. Many subsistence fisher persons may have no alternative
additions to their staple foods or no other dietary resources to supplement meals aside
from their locally caught fish. This is only one reason why locals may ignore fish
consumption warning signs. Research would need to be conducted on the various reasons
why nearby residents, or even non-locals, might ignore fish consumption advisories. Why
a certain social group behaves the way they do is multifaceted and extremely complex.
Those underlying issues will need to be uncovered and resolved in order to enhance
advisory compliance.

Conclusion
Per- and polyfluoroalkyl substances are emerging contaminants of concern with potential
for serious adverse reactions on both human and environmental health. Following these
findings, long-chain PFAS compounds used in legacy aqueous film-forming firefighting
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foams are being phased out and replaced with shorter-chain PFAS. As legacy AFFFs are no
longer manufactured in the U.S. but are still allowed to be used, they are being stockpiled
at sites that historically have frequent use of them, such as airports, fire stations, military
installations and any other unaccounted commercial users. There are several groups of
these installations across the state of Massachusetts with notable clusters on Cape Cod, in
Plymouth, Bristol and Essex Counties in the east; near the borders of Franklin, Hampshire
and Worcester Counties in the center of the state; and in Hamden County in the west.
Depending on topographical formations and hydrological flows, runoff from these facilities
has the potential to contaminate nearby surface water bodies and the fish inhabiting them.
If these surface waters happen to be popular local fishing sites, it is logical and reasonable
to hypothesize that there is a conceivable risk of PFAS contamination to persons who
regularly fish there and eat what they catch. As Massachusetts does not currently have any
standards or guidelines on maximum concentration levels for PFAS in surface water or fish
tissue, the state would greatly benefit from researching the need for regulatory criteria and
implementing pertinent policies. In order to strategically move forward, a first step in the
process would be to create a special task force to address the issue; followed by an action
plan for creating methods and procedures for surface water and fish sampling, monitoring
and assessment; continuing with data analysis, creation of fish tissue consumption
screening levels and guidelines; and engaging in public awareness, education, and outreach
while recognizing and addressing multilayer and complex barriers to fish consumption
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advisory compliance by including all potential stakeholders in any policy making processes.
Michigan, New Hampshire, Vermont, the IRTC, the DoD SERDP, and other possible
institutions all have resources that can serve as useful guides for the Massachusetts task
force for per- and polyfluoroalkyl substance contamination in surface waters and
consumable fish.
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Appendix A: Acronyms & Glossary
Acronyms
ADONA - dodecafluoro-3H-4,8-dioxanoate (a shorter-chain PFAS replacement compound)
CMR - Code of Massachusetts Regulations
DDT - dichloro‐diphenyl‐trichloroethane
GenX - 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoic acid (a shorter-chain PFAS
replacement compound)
LHA - Lifetime Health Advisory
MRL - Minimal Risk Level
PAHs - polycyclic aromatic hydrocarbons
PCBs - polychlorinated biphenyls
PFAS - per- and/or polyfluoroalkyl substances
PFBS - perfluorobutane sulfonate
PFOS - perfluorooctane sulfonic acid
PFOA - perfluorooctanoic acid
PFNA - perfluorononanoic acid
PFHxS - perfluorohexane sulfonic acid
PFHpA - perfluoroheptanoic acid

Glossary
Aqueous Film-Forming Foams - Aqueous film-forming foam (AFFF) is a highly effective
foam intended for fighting high-hazard flammable liquid fires. AFFF products are typically
formed by combining hydrocarbon foaming agents with fluorinated surfactants. When
mixed with water, the resulting solution achieves the interfacial tension characteristics
needed to produce an aqueous film that spreads across the surface of a hydrocarbon fuel
to extinguish the flame and to form a vapor barrier between the fuel and atmospheric
oxygen to prevent re-ignition. This film formation is the defining feature of AFFF. (ITRC AFFF
2018)
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Fish Consumption Advisory - A Fish Consumption Advisory is not a regulation, but rather a
voluntary recommendation issued to help protect public health. Consumption advisories
may include recommendations to limit or avoid eating certain fish and water‐dependent
wildlife species caught from specific water bodies or, in some cases, from specific water‐
body types (e.g., all lakes) due to contamination by one or more chemical contaminants.
An advisory may be issued for the general population (i.e., general public), including
recreational and subsistence fishers, or it may be issued specifically for sensitive
populations, such as pregnant women, nursing mothers, and children. (U.S. EPA 2020)
Long-chain PFAS - include perfluorinated carboxylates (PFCAs) with eight or more fully
fluorinated carbons (for example, PFOA) and perfluorinated sulfonates (PFSAs) with six or
more fully fluorinated carbons (for example, PFHxS and PFOS), their salts, and precursor
compounds capable of forming long-chain PFAAs. (ITRC HU 2017)
Minimal Risk Levels - MRLs are estimates of the amount of a chemical a person can eat,
drink, or breathe each day without a detectable risk to health. MRLs can be made for 3
different exposure time periods: acute (about 1 to 14 days), intermediate (from 15-365
days), and chronic (greater than 364 days). MRLs are developed for health effects other
than cancer and are intended to serve as screening tools to help public health professionals
identify exposure areas that could potentially be hazardous to human health. Exposure
above an MRL does not indicate that health problems will definitely occur, only that the
risk for adverse health outcomes may be greater than non-exposure. (U.S. CDC TP KM 2018)
Short-chain PFAS - include, but are not limited to, compounds produced with ECF and
fluorotelomerization, such as: FTOH, perfluorobutane sulfonyl fluoride (PBSF)-based
derivatives (for example, perfluorobutane sulfonate [PFBS] in lieu of PFOS),
polyfluoroethers (for example, GenX and ADONA used in the manufacture of
fluoropolymers) and other types of PFAS. (ITRC HU 2017)
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Appendix B: Tables, Terminology & Equations
Table 1: Consumable Fish Types in Massachusetts
(MassDPH-BEH 2020), (MassDPH-BEH 2019)
Fish Codes
AE
B
BB
BC
BT*
C
CB
CC
*

Fish Type
American Eel
Bluegill
Brown Bullhead
Black Crappie
Brown Trout
Carp
Calico Bass
Channel Catfish

Fish Codes
CCS
CP
EBT*
FF
GRS
LMB
LNS
P

Fish Type
Creek Chubsucker
Chain Pickerel
Eastern Brook Trout
Fallfish
Green Sunfish
Largemouth Bass
Longnose Sucker
Pumpkinseed

Fish Codes
RT*
SMB
TT*
WC
WP
WS
YB
YP

Fish Type
Rainbow Trout
Smallmouth Bass
Tiger Trout
White Catfish
White Perch
White Sucker
Yellow Bullhead
Yellow Perch

Stocked Fish

Identification of Groundwater Categories & Risk Characterization Methods
(MassDEP RCE 2007), (MassEOEEA 2014)
GW-1: Groundwater located within a current drinking water source area or within a potential drinking water
source area.
GW-2: Groundwater located within 30 feet of an existing or planned building or structure that is or will be
occupied, and the average annual depth to GW in that area is 15 feet or less. It is also considered a potential
source of oil vapors and/or hazardous material to indoor air.
GW-3: Groundwater at all disposal sites shall be considered a potential source of discharge to surface water
and shall be categorized, at a minimum, as category GW-3.
Method 1: Method 1 Risk Characterization is the comparison of site conditions to the applicable groundwater
and soil standards. Method 1 relies upon the use of numerical standards for chemicals in groundwater and
soil to characterize risk of harm to health, public welfare and the environment. Remedial action is necessary
if the toxic pollutant concentrations are greater than the associated groundwater standards. If the
concentrations are lower, then there is no significant risk.
Method 2: Method 2 Risk Characterization is similar to Method 1 with the exception that Method 2 is the
comparison of site conditions with promulgated groundwater and soil standards supplemented with sitespecific information.
Method 3: Method 3 Risk Characterization allows decisions about the need for remediation and the
appropriate level of cleanup required to be made on a case-specific basis through the application of sitespecific methodologies. Method 3 may be used at any disposal site to independently characterize the risk of
harm to health, public welfare and the environment.
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Table 2: MCP Method 1 - PFAS Groundwater Standards for GW-3
(MassEOEEA 2019)
Oil and/or Hazardous Material
Per- and Polyfluoroalkyl Substances (PFAS)
Perfluorodecanoic Acid (PFDA)
Perfluoroheptanoic Acid (PFHpA)
Perfluorohexanesulfonic Acid (PFHxS)
Perfluorononanoic Acid (PFNA
Perfluorooctanesulfonic Acid (PFOS)
Perfluorooctanoic Acid (PFOA)

CAS Number
335-76-2
375-85-9
355-46-4
375-95-1
1763-23-1
335-67-1

GW-3 Standard μg/L, ppb
40,000
40,000
500
40,000
500
40,000

Table 3: Known Fishing Sites Containing Consumable Fish within 5 Miles of a Military Installation
(ArcGIS 1995-2019), (MassGIS 05.2019), (MassGIS 01.2019), (MassWildlife s.d.), (U.S. DoD 2017)
District
Town
Waterbody
Fish Species
Billerica
Nutting Lake
Largemouth Bass, Yellow Perch, Bluegill
Concord
Walden Pond Largemouth Bass, Smallmouth Bass, Stocked Trout
Northeast
North
Yellow Perch, American Eel, Bluegill, Yellow Perch, Chain
Ipswich River
Reading
Pickerel, Rainbow Trout, Brown Trout
Weymouth
Whitman Pond Rainbow Trout, Yellow Perch, Chain Pickerel
Island Grove
Largemouth Bass, Bluegill, Yellow Perch, Pumpkinseed, Black
Abington
Pond
Crappie, Common Carp
Great Herring
Bourne
Smallmouth Bass, White Perch, Chain Pickerel
Pond
Largemouth Bass, Smallmouth Bass, Black Crappie, Stocked
Falmouth
Ashumet Pond
Trout
Southeast
Johns Pond
Largemouth Bass, Smallmouth Bass, White Perch, Stocked Trout
Mashpee
Largemouth Bass, Smallmouth Bass, White Perch, Yellow Perch,
Wakeby Pond
Chain Pickerel, Stocked Trout
American Eel, Bluegill, Brown Bullhead, Black Crappie, Chain
Norwell
Jacobs Pond
Pickerel, Largemouth Bass, Pumpkinseed, Yellow Perch
Sandwich
Peters Pond
Largemouth Bass, Smallmouth Bass, Stocked Trout
Chicopee
Largemouth Bass, Pumpkinseed, Brown Bullhead, Stocked Trout
Reservoir
Walleye, Largemouth Bass, Bluegill, Channel Catfish, Brown
Connecticut
Bullhead, Black Crappie, Northern Pike, Bowfin, Smallmouth
Chicopee
River (Site 1)
Bass, American Shad, Striped Bass, American Eel
Walleye, Largemouth Bass, Bluegill, Channel Catfish, Brown
Connecticut
Bullhead, Black Crappie, Northern Pike, Bowfin, Smallmouth
River (Site 2)
Valley
Bass, American Shad, Striped Bass, American Eel
Largemouth Bass, Pumpkinseed, Rock Bass, Redbreast Sunfish,
Springfield
Chicopee River
White Catfish, Yellow Perch, Stocked Trout
Westfield
American Eel, Pumpkinseed, Rock Bass, Smallmouth Bass, Wild
River (Site 1)
Trout, Stocked Trout
Westfield
Westfield
American Eel, Pumpkinseed, Rock Bass, Smallmouth Bass, Wild
River (Site 2)
Trout, Stocked Trout
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Minimal Risk Levels for Certain PFAS
(U.S. CDC TP KM 2018)
Oral Route
•
•

•

No acute-duration (1-14 days) oral MRLs were derived for perfluoroalkyls.
Intermediate-duration (15-365 days) provisional oral MRLs were derived for
• PFOA: 3 x 10-6 mg/kg/day
• PFOS: 2 x 10-6 mg/kg/day
• PFHxS: 2 x 10-5 mg/kg/day
• PFNA: 3 x 10-6 mg/kg/day
No chronic-duration (greater than 365 days) oral MRLs were derived for perfluoroalkyls

Equations for Fish Tissue Consumption Limit and Concentration Criteria
(NH DES 2019)
Equation 1: A tissue consumption limit or maximum allowable fish tissue consumption rate (CR lim) can be
estimated using measured concentrations (Cm) of PFAS in fish and shellfish with the following equation,
Derivation of Fish/Shellfish Consumption Advisory Values: CRlim = (RfD × BW × RSC) / Cm
Where:
CRlim – maximum allowable fish consumption rate expressed as kg of fish tissue consumed per day (kg/d)
BW – Human Body Weight (kg)
RfD – Chronic Oral Reference Dose (mg/kg-d)
RSC – Relative Source Contribution expressed as a proportion of total daily exposure
Cm – measured concentration of chemical in sampled fish tissue expressed as mg of chemical per kilogram of
fish tissue (mg/kg)
Equation 2: The tissue concentration limit (Clim) can be estimated with the following equation, Tissue
Concentration Criteria (Limit) for Fish and Shellfish Consumption: Clim = (RfD × BW × RSC) / IR
Where:
Clim – the fish tissue concentration limit for the chemical of concern, expressed in mg of chemical per kg of
fish tissue (mg/kg)
RfD – Reference dose (mg/kg-d)
BW – Assumed human body weight (kg)
RSC – Relative Source Contribution expressed as a proportion of total daily exposure
IR - Fish or Shellfish Ingestion Rate (kg/d)
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Appendix C: Popular Fishing Sites Near Areas
Potentially Contaminated with PFAS
Map 1: State of Massachusetts
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Map 2: Cape Cod & New Bedford
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Map 3: Eastern Massachusetts
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Map 4: Western Massachusetts
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